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Abstract The possibilities for the emission of 4 He and l4 C clusters from hyper 

202_235 

A Ra are studied using our Coulomb and proximity potential model 
(CPPM) by including the lambda—nucleus potential. The predicted half lives 
show that hyper 202 ~ 2 A Ra nuclei are unstable against 'He emission and 14 C 
emission from " - A Ra are favorable for measurement. Our study also show 

that hyper 202 ~ 2 ~ A Ra are stable against hyper *He and 14 C emission. The role 
of neutron shell closure (N = 126) in 2 a Rn daughter and role of proton and 
neutron shell closure (Z = 82, N = 126) in 2( A Pb daughter are also revealed. 
As hyper nuclei decays to normal nuclei by mesonic/non—mesonic decay and 
since most of the predicted half lives for 4 He and 14 C emission from normal Ra 
nuclei are favorable for measurement, we presume that alpha and 14 C cluster 
emission from hyper Ra nuclei can be detected in laboratory in a cascade 
(two-step) process. 


1. INTRODUCTION 


The existence of nuclei containing hyperons is one of the interesting phenomena 
in nuclear physics. The characteristic feature of the hyperon is that it is free 
from the Pauli Exclusion Principle, and thus it can deeply penetrate into the 
nuclear interior. A hyperon may modify several properties of nuclei, such as 
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nuclear size [1,2], the density distribution [3], deformation properties [4, 5], 
the neutron/proton drip—line [6, 7, 8], and fission barrier [9, 10]. The study 
on hyper nuclei will improve our knowledge on the fundamental hyperon— 
nucleon interaction. 

The lifetime of hyperons bound in hyper nuclei is affected by the 
nuclear environment. The decay of free A—hyperon is purely mesonic, 
A —► N + 7 r , but in heavy hyper nuclei mesonic decay is negligible and 
the total decay width is due to the non—mesonic decay channels. Ohm et 
al [11] have shown the lifetime of the hyperon in heavy hyper nuclei to be 
roughly of the same magnitude as for the free A—hyperon decay and also 
experimentally shown that (p,K) reaction is an effective method to produce 
heavy hyper nuclei with large cross sections (~ 150 mb) even at the sub 
threshold bombarding energy of T = 51.5 GeV. 

Production of hyper nuclei [12] can be achieved through “strangeness- 
exchange reaction” which requires the injection of jU or K' beams on fixed 
targets (see [13] and references therein) and also electron beams on fixed 
targets [14, 15]. When a K'stops inside a nucleus, a neutron is replaced by a A 
hyperon with the emission of a pion. By precisely studying momentum of the 
outgoing pions both the binding energy and the formation probability [16] of 
the hyper nuclei can be measured. 

In the present paper we have made an attempt to study how hyper nuclei 
behave against alpha and heavy cluster emission, by comparing the tunneling 
probability/half life of alpha and heavy cluster in hyper nuclei and in non— 
strange normal nuclei. Alpha decay is one of the main decay modes in heavy 
nuclei and was observed by Rutherford [17, 18] a century ago. Alpha decay 
was first interpreted as quantum mechanical tunneling through the potential 
barrier by Gamow [19] and independently by Gurney and Condon [20] in 
1928. There are many effective theoretical approaches that have been used to 
describe alpha decay, such as Generalized Liquid Drop Model (GLDM) [21], 
Generalized Density dependent Cluster Model (GDDCM) [22], Unified Model 
for Alpha Decay and Alpha Capture (UMADAC) [23], and Coulomb and 
Proximity Potential Model (CPPM) [24], and all of them have been successful 
in reproducing the experimental data. 

Cluster radioactivity, the emission of particle heavier than alpha particle 
was first predicted by Sandulescu et al. [25] in 1980 and such decays were first 
observed experimentally by Rose and Jones [26] in 1984 in the radioactive 
decay of 223 Ra by the emission of 14 C. The cluster decay process has been studied 
extensively using different theoretical models with different realistic nuclear 
interaction potentials. Generally, two kinds of models are used for explaining 
the observed decay modes and for predicting the possible decays. One of them 
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is the super asymmetric fission model [27-30] in which the nucleus is assumed 
to be deformed continuously as it penetrates the nuclear barrier and reaches 
the scission configuration after running down the Coulomb barrier. The other 
one is the Pre—formed cluster model [31-33] in which alpha particle and the 
heavy clusters are assumed to be pre—bom in the parent nucleus, before they 
could penetrate the barrier. 

Using the Coulomb and Proximity Potential Model, by including the 
lambda—nucleus potential, we have studied 4 He and 14 C clusters emission 
from hyper 2(12 2 A i?a and non—strange 202 2K Ra nuclei to find the most 
promising hyper nuclei which are most favorable for emission. We have also 
studied the possibility for the emission of hyper lHe and 14 C cluster from 
these parent nuclei. We would like to mention recently we have performed 
a study [34] on the probability for the emission of 'He and l4 C cluster from 
hyper 2(17 224 /fc and non—strange normal 2(17 224 4c nuclei. The Coulomb and 
Proximity Potential Model [24, 30] have been successful in studying alpha 
and cluster radioactivity in various mass regions of the nuclear chart. In this 
model, the interacting barrier for the post scission region is taken as the sum 
of Coulomb and proximity potential and for the overlap region a simple power 
law interpolation is used. 

The formalism of the Coulomb and Proximity Potential Model (CPPM) is 
presented in Sec. 2. The result and discussion on the decay of hyper 202 ~ 23 A 5 Ra 
and non—strange 202 ~ 23,5 Ra nuclei are given in Sec. 3, and, in Sec. 4, we 
summarize the entire work. 

2. THE COULOMB AND PROXIMITY POTENTIAL MODEL (CPPM) 

In the Coulomb and proximity potential model (CPPM), the potential energy 
barrier is taken as the sum of Coulomb potential, proximity potential and 
centrifugal potential for the touching configuration and for the separated 
fragments. For the pre—scission (overlap) region, simple power law 
interpolation as done by Shi and Swiatecki [35] is used. The inclusion of 
proximity potential reduces the height of the potential barrier, which closely 
agrees with the experimental result. The proximity potential was first used by 
Shi and Swiatecki [35] in an empirical manner and has been quite extensively 
used by Gupta et ah, [33] in the Preformed Cluster Model (PCM). R K Puri 
et al., [36, 37] has been using different versions of proximity potential for 
studying fusion cross section of different target—projectile combinations. In 
our model, the contribution of both internal and external part of the barrier is 
considered for the penetrability calculation. In present model assault frequency, 
v is calculated for each parent—cluster combination which is associated with 
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vibration energy. For example in the case of alpha emission from 222 Ra, v is 
obtained as 3.068 x 10 20 s' 1 and for 223 Ra, v is 2.746 x 10 20 s 1 . For 14 C emission 
from 222 Ra, v is 9.064 x 10 20 s 1 and for 223 Ra, v is calculated as 1.131 x 10 21 
s 1 . But Shi and Swiatecki [38] get empirically, the unrealistic values for the 
assault frequency u as 10 22 for even—A parents and 10 20 for odd—A parents. 
The interacting potential barrier for two spherical nuclei is given by 


y = Z i Z ? e 


+ V D (z)- 


h 2 l(l + 1 ) 

2/ir 2 


for z > 0 


(1) 


Here Z and Z 2 are the atomic numbers of the daughter and emitted cluster, ‘z’ 
is the distance between the near surfaces of the fragments, ‘r’ is the distance 
between fragment centres, l represents the angular momentum, //■ the reduced 
mass, V p is the proximity potential given by Blocki et al., [39] as 


V p (z) = 47T7& 


(Q + c 2 ) 



( 2 ) 


With the nuclear surface tension coefficient, 


7 = 0.9517[1 — 1.7826(A — Z) 2 / A 2 ] MeV/fm 2 (3) 


where N, Z and A represent the neutron, proton and mass number of the parent, 
<F represents the universal proximity potential [40] given as 

4>(e) = —4.41e _e/0 ' 7176 fore >1.9475 (4) 

$(e) = -1.7817 + 0.9270e + 0.0169e 2 
-0.05148e 3 forO < e < 1.9475 


With e = zjb, where the width (diffuseness) of the nuclear surface bz si and 
Siismann central radii C. of the fragments related to sharp radii R. is 


C, = R, - 


(6) 


For R. we use the semi empirical formula in terms of mass number A as [39] 
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(7) 


R,= 1.28 A 1 ' 3 -0.76 + 0.8 A7 m 


The potential for the internal part (overlap region) of the barrier is given as 

V = a 0 (L — L 0 )" forz < 0 (8) 


where L = z + 2C, + 2C 2 and L 0 = 2C, the diameter of the parent nuclei. The 
constants a Q and n are determined by the smooth matching of the two potentials 
at the touching point. 

Using one dimensional WKB approximation, the barrier penetrability P 
is given as 
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P = exp 


jJ y j2 l i(V-Q)dz 


(9) 


Here the mass parameter is replaced by // = mA t A 2 / A, where m is the 
nucleon mass and A , A,, are the mass numbers of daughter and emitted 
cluster respectively. The turning points “a” and “b” are determined from the 
equation, V{a) = V(b) = Q. The above integral can be evaluated numerically 
or analytically, and the half life time is given by 


ln2 


ln2 

A 


uP 


( 10 ) 


where, v = 


U) 


2E v 

k 2.7V _ 


h 


represent the number of assaults on the barrier per 


second and A the decay constant. E v the empirical vibration energy is given as 
[41] 


E v — Q \ 0.056 + 0.039 exp 


(4-4) 

2.5 


for A 2 > 4 


( 11 ) 


In the classical method, the a particle is assumed to move back and forth in 
the nucleus and the usual way of determining the assault frequency is through 
the expression given by v = velocity / (2 R), where R is the radius of the 
parent nuclei. But the alpha particle has wave properties; therefore a quantum 
mechanical treatment is more accurate. Thus, assuming that the alpha particle 
vibrates in a harmonic oscillator potential with a frequency which depends 
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on the vibration energy E , we can identify this frequency as the assault 
frequency v given in eqns. (10)—(11). 

3. RESULTS AND DISCUSSION 

The half lives for the emission of 4 He and 14 C clusters from hyper ~“ A Ra 
and non—strange 202 - 235 Ra nuclei have been calculated using the Coulomb and 
proximity potential model (CPPM) by including the lambda—nucleus potential. 
The decay energy of the reaction is given as 

Q = AM — (AM, + AM 2 ) > 0 (12) 

Here A M , AM P AM 2 are the mass excess of the parent, daughter and cluster 
respectively. 

Hyper nucleus can be considered as the core of a normal nucleus plus the 
hyperons. The binding energy of the hyper nucleus can be written as 

B{A,Z) hyper = B{A-\,Z) core + S A (13) 

where R(A-l Z) is the binding energy of a hyper nucleus, b(A—\ Z) ' s 
the binding energy of its non—strange core nucleus and R A is the A —hyperon 
separation energy. For computing Q values experimental A —hyperon 
separation energies are taken from Ref [42—47] and binding energies from 
latest mass tables of Wang et al [48], The nuclei for which the experimental 
A —hyperon separation energies are not available, binding energy formula 
reported by Samanta et al [49] is used to calculate hyperon separation energy. 
But to get better accuracy we used the formula which is obtained by least 
square regression to the experimental data given as 

S A = 0.036^4 + 18.90 for A> 50 (14) 

In Table 1 the computed Q values and logarithm of half lives for the decay of 4 He 
from hyper 202 ~ 2i lRa and non—strange normal 202 2t ^Ra nuclei are displayed. 
In the case of hyper nuclei, the half lives are computed by taking into account 
of the changes in both the decay Q value and interacting potential due to a A 
—particle. To account for the changes in the potential due to a A —particle, 
we have included the lambda—nucleus potential, V A in the expression for the 
interacting potential (eqn. 1) and is given by 

V A=f Pa^Wan^i - (15) 
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Table 1: Computed Q value and logarithm of half lives for the decay of 4 He from hyper 
202 - 235 ^ an( j n0 n—strange 202 235 Ra nuclei. T | , is in second. 



Decay 


Q 

Value 

(MeV) 

log l( f T i/2) 

Decay 


Q 

Value 

(MeV) 

togioCTifl) 

Theory 

Expt. 

[51] 

20 lRa 

-*■ 4 He + 

™Rn 

7.682 

-1.162 

202 Ra 

-»• 4 He + 

m Rn 

7.896 

-1.483 


™R a 

-»• 4 He + 

l9 lRn 

7.663 

-1.117 

202 Ra 

-*• 4 He 

199 Rn 

7.745 

-0.988 


2 a Ro 

-*■ 4 He + 

20 °Rn 

7.673 

-1.174 

204 Ra 

-»• 4 tfe + 

200 Rn 

7.636 

-0.627 


205 r> 

A Ra 

-»• 4 He + 

201 r> 
A^« 

7.492 

-0.547 

205 Ra 

-»• 4 He + 

2m Rn 

7.485 

-0.104 


206 r> 

a R a 

-*• 4 He + 

202 r> 

A^» 

7.352 

-0.050 

206 Ra 

-> 4 /fe + 

202 Rn 

7.415 

0.132 


2 °> 

-*• 4 /fe + 

2 °> 

7.272 

0.232 

201 Ra 

-»• 4 He + 

202 Rn 

7.274 

0.642 


2 °> 

-*• 4 He + 

2 °> 

7.152 

0.675 

20S Ra 

-*• 4 He + 

204 Rn 

7.273 

0.625 


2 °\Ra 

-*• 4 He-\- 

20 a 5 ^ 

7.132 

0.733 

209 Ra 

-*• 4 tfe + 

205 Rn 

7.135 

1.139 


2H \Ra 

-»• 4 He + 


7.002 

1.231 

2l0 Ra 

-> 4 /fe + 

206 Rn 

7.150 

1.060 

0.55 

211 n 

A Ra 

-*■ 4 He + 

207 D 

A *7 

7.012 

1.171 

2n Ra 

-»• 4 He + 

201 Rn 

7.042 

1.468 


212 r» 

A Ra 

-*■ 4 He + 

208 D 
A^« 

6.902 

1.601 

212 Ra 

-»• 4 He + 

m Rn 

7.031 

1.493 

1.04 

™Ra 

-»• 4 He + 

20 > 

6.888 

1.640 

212 Ra 

-»• 4 A/e + 

209 Rn 

6.892 

2.164 


2 \> 

-»• 4 //e + 

2 a^« 

6.722 

2.321 

2l4 Ra 

-*• 4 He + 

210 Rn 

7.273 

0.508 

0.39 

215 r» 

A Ra 

-»• 4 He + 


7.130 

0.629 

2l5 Ra 

-*• 4 He 

211 Rn 

8.864 

-4.748 


216 r> 

A Ra 

-*■ 4 He + 

212 n 

A^ 

8.720 

-4.761 

2i6 Ra 

-»• 4 He + 

212 Rn 

9.525 

-6.546 

-6.74 

2l > 

-*• 4 He + 


9.382 

-6.601 

211 Ra 

-»• 4 He + 

212 Rn 

9.161 

-5.607 


™Ra 

-*• 4 He + 


9.017 

-5.637 

212 Ra 

-»• 4 He + 

214 Rn 

8.545 

-3.868 

-4.59 
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2I >- 

■> 4 He + 2 A Rn 

8.403 


220 r> 

a Ra- 

■* 4 He + 2l A Rn 

7.994 


221 r> 

A Ra- 

* 4 //e + 21 A 7 Rn 

7.451 


222 r> 

A Ra- 

-> 4 A/e + 21 A R« 

6.740 


22 lRd- 

+ 4 He + 2 A R« 

6.537 


2 A >- 

■+ 4 He + 22 A Rn 

5.836 


22 lRa~ 

+ 4 He + 221 /?« 

5.645 


22 A Ra - 

-a * He + 22 lRn 

5.019 


22 lRa~ 

■» 4 He + 22 a R/7 

4.727 


22 >- 

+ 4 He+ 22 A Rn 

4.281 


22 >- 

■> 4 He + 223 Rn 

3.973 


2 a Ra~ 

+ 4 He+ 22 A Rn 

3.402 


2 a Ra - 

+ 4 He+ 221 A Rn 

3.242 


232 r° - 

-> 4 He + ™Rn 

2.852 


23 lR a - 

+ 4 He + 2 A i?« 

2.652 


™Ra- 

-a 4 He+ 23 A Rn 

2.739 


2 a Ra- 

+ 4 He+ ™Rn 

2.432 


-3.861 

219 ifa -► 

4 He + 

2l5 Rn 

8.138 

-2.617 


-2.571 

220 Ra -»• 

4 He + 

216 Rn 

7.593 

-0.780 

-1.74 

-0.689 

221 Ra -*• 

4 He + 

211 Rn 

6.880 

1.950 


2.111 

222 Ra -*• 

4 He + 

2ls Rn 

6.679 

2.785 

1.58 

2.982 

223 Ra -► 

4 He + 

219 Rn 

5.979 

6.057 


6.376 

224 Ra -*• 

4 He + 

220 Rn 

5.789 

7.034 

5.49 

7.398 

225 Ra -► 

4 He + 

22l Rn 

5.096 

11.092 


11.181 

226 Ra -*• 

4 He + 

222 Rn 

4.871 

12.581 

10.70 

13.189 

227 Ra -► 

4 He + 

223 Rn 

4.365 

16.361 


16.650 

228 Ra -► 

4 //e + 

224 Rn 

4.072 

18.857 


19.367 

229 Ra -► 

4 //e + 

225 Rn 

3.590 

23.620 


25.360 

230 Ra -*• 

4 He-\ 

226 Rn 

3.344 

26.431 


27.306 

231 Ra -*• 

4 //e 4 

221 Rn 

2.905 

32.320 


32.740 

232 Ra -»• 

4 He + 

22S Rn 

2.829 

33.464 


35.973 

233 Ra -*• 

4 He + 

229 Rn 

2.535 

38.411 


34.505 

234 Ra -»• 

4 He + 

230 Rn 

2.415 

40.678 


39.970 

235 Ra -*• 

4 He + 

231 Rn 

2.325 

42.489 



where p A (/,) is the density distribution of lambda particle. The density 
distribution of lambda particle, p A (r { ) taken from Ref. [1,2] and have the form 

p A (r) = ( K TTbl) M e^' bl (16) 
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Here b A = ^(4 M N + M A ) / 4 M A b a , where M N and M A are the mass of the 
nucleon and A particle respectively, and b a = 1.358 fin . The lambda—nucleon 
force is short range and the strength of lambda—nucleus potential is smaller 
than the nucleon—nucleus potential. The potential V m describes a mean field 
potential which a lambda particle feels inside a hyper nucleus, we have taken 
the mean field potential V m from Ref [50] and given as, 
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V, 


-K 


AN 


l + exp[(r — c) I a] 


(17) 


Here the constant V 0 = 27 AMeV , a = 0.6 fin and c = 1.08H 13 . The predicted 
half lives (T |/2 < 10 30 s) show that hyper 2(12 2 A Ra nuclei are unstable against 
A He emission. 

Table 2 shows the Q values for the emission of hyper A He from 
" A Ra . The negative Q values show that these nuclei are stable against 
hyper A He emission. Fig 1 and Fig 2 represent the plot connecting Q value 
and log |0 (T 1/2 ) versus neutron number of parent nuclei for the alpha decay of 
hyper ~ Ra and non—strange ~ Ra nuclei respectively. The peak in 
Q value for alpha decay from 2l6 Rci and hyper lll A Ra nuclei denote the role 
of neutron shell closure at N = 126 in daughter 2l2 Ra and 2, A Rn daughter 
respectively. Also the dip (minimum) in log 10 (T lp ) for alpha decay from 216 Ra 
and hyper 2ll A Ra nuclei denote the role of neutron shell closure at N=126 in 
the daughter nuclei. 

From Fig 1 and Fig 2 it is clear that both Q value curve and alpha half lives 
curve of non—strange normal Ra nuclei overlap with that of hyper Ra nuclei, 
i.e. When the decay half lives of non—strange normal Ra nuclei are compared 
with that of corresponding hyper Ra nuclei with same neutron number (for e.g. 
half lives of 2>1 Ra and 2l A Ra nuclei) it can be seen that the half lives do not 
differ much. 

Fig 3 and Fig 4 represent the plot connecting Q value and log |0 (T |/2 ) versus 

neutron number of parent nuclei for the l4 C cluster decay of hyper 202 222 Ra 
and non—strange 202 - 209 RA nuclei respectively. The peak in Q value and dip in 
log |0 (T | n ) for 14 C cluster decay from 222 Rci stress the role of doubly magic 20S Pb 
(N =126, Z = 82) daughter in cluster decay. Also the peak in Q value and dip 
in log 10 (T 1/2 ) for 14 C cluster decay from hyper fiRa stress the role of proton 
and neutron shell closure (Z=82, N=126) in 20 A Pb daughter. 
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Table 2: Computed Q values for the decay of hyper A He from hyper 202 2 ‘ 2 Ra . 



Decay 

Q Value 
(MeV) 


Decay 

Q Value 
(MeV) 

2 °l R a 

-*• A He + m Rn 

-25.665 

2 ’> 

-*• A 4 tfe+ 215 R« 

-31.507 

2 °a Ro 

-*• 4 He+ m Rn 

-28.150 

22 A °R fl 

-*• 4 He+ 2l6 Rn 

-30.219 

T Ro 

-»• 4 He+ 200 Rn 

-26.108 

22 > 

4 He + 211 Rn 

-32.785 

2 °> 

-*• A He + 201 Rn 

-28.702 

22 a 2 ^ 

4 He+ 2l *Rn 

-31.687 

206 A Ra 

-»• A He + 202 Rn 

-26.744 

223 r» 

A Ra 

-*• 4 He + 2,9 /?w 

-33.978 

207 r> 

A Ra 

-*• A He + 203 Rn 

-29.168 

224 r> 

A Ra 

4 He + 220 Rn 

-32.884 

208 r> 

A Ra 

-> A /fe + 204 

-27.407 

225 A Ra 

-*• A He + 221 Rn 

-35.187 

™Ra 

-*• A He + 205 Rn 

-29.537 

22 lRa 

-> 4 He + 222 Rn 

-33.957 

™Ra 

4 He + 206 Rn 

-28.032 

22 > 

—»■ A He+ 223 Rn 

-36.334 

2 lRa 

4 He + 201 Rn 

-29.941 

22 > 

-> 4 He + 224 Rn 

-34.915 

2 a Ra 

-*■ 4 He+ 20i Rn 

-28.586 

22 > 

^ 4 He + 225 Rn 

-37.276 


-*• A //e + 209 Rn 

-30.379 

230 r> 

A Ra 

-> 4 He + 226 Rn 

-35.919 

™Ra 

^ 4 He + 210 Rn 

-29.182 

23 \Ra 

-*• A He + 221 Rn 

-38.126 


4 He + 211 Rn 

-30.333 

222 A Ra 

-*• 4 He+ 22S Rn 

-36.821 

™Ra 

> * He + 212 Rn 

-28.023 

™Ra 

-*• A //e+ 229 R« 

-38.695 

n lRa 

-»■ \He+ 212 Rn 

-30.265 

™Ra 

-*■ A He + 23 °Rn 

-37.583 

™Ra 

-*■ A //e + 214 i?« 

-29.082 

™Ra 

-*• 4 He+ 22l Rn 

-39.451 


From Fig 3 and Fig 4 it is clear that both Q value curve and cluster decay 
half lives curve of non—strange normal Ra nuclei almost coincide with that 
of hyper Ra nuclei, i.e. when the decay half lives of non—strange normal Ra 
nuclei are compared with that of corresponding hyper Ra nuclei with same 
neutron number it can be seen that the half lives do not differ much. 
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Neutron number of parent nuclei 

Figure 1: Plot connecting Q value versus neutron number for the decay of 4 He from 
hyper 202 2 ^Ra and non-strange 2112 222 Ra nuclei. 



Neutron number of parent nuclei 

Figure 2: Plot connecting log |0 (T ) versus neutron number for the decay of 2 He from 
hyper 202 ^^Rei and non-strange 202 ~ 235 Ra nuclei. 
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Neutron number of parent nuclei 

Figure 3:. Plot connecting Q value versus neutron number for the decay of 14 C cluster 
from hyper 2,12 229 Ra and non-strange 202 ~ 229 Ra nuclei. 

Fig 5(a) and 5(b) represents the plot connecting Q value and log 10 (T 1/2 ) 
versus mass number of parent nuclei respectively for the ' A 4 C cluster decay of 
hyper " ~ \Ra nuclei. The peak in Q value and dip (minimum) in log |0 (T |n ) 
for 14 C cluster decay from hyper 212 R a indicate the role of doubly magic 20S Pb 
daughter in the decay. The computed half life for hyper 14 C emission from 
hyper 202 ~ 229 R a nuclei is found to have large values, T > 10 66 s which shows 
that hyper 211 ~ 2 ^ 9 f?a nuclei are stable against hyper 14 C emission. 

In Table 3 the computed Q values and log 10 (T 1/2 ) values for the 14 C 
cluster emission from hyper 202 22 ?Ra and non—strange 202 ~ 229 Rci are given. 
The predicted 14 C decay half life for " A Ra arc well within the present 
upper limit for measurement (T < 10 30 s) and these decays are favorable for 
measurement. 

We have compared the computed logarithm of alpha half lives for normal 
Ra isotopes with experimental data [51] given in the last column of Table 1. 
The computed values are in agreement with experimental data and the standard 
deviation of logarithm of computed alpha half is found to be 1.01. The standard 
deviation is computed using the relation 

< 18 » 
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Neutron number of parent nuclei 


Figure 4: Plot connecting log 10 (T ]/2 ) versus neutron number for the decay of 14 C cluster 
from hyper and noil-strange 2n2 22 '’Ra nuclei. 

We have also compared the half lives for 14 C emission from various normal Ra 
isotopes with experimental values. From Table 2 it is clear that the computed 
log 10 (T ) values for 14 C emission from normal Ra isotopes are in good 
agreement with experimental values [52]. 

SUMMARY 

The possibilities of alpha and l4 C cluster emission from hyper 202 ~ 235 Rct nuclei are 
studied using the Coulomb and Proximity Potential Model (CPPM) by including 
the lambda—nucleus potential. The Q values are calculated using the recent mass 
tables of Wang et al [48]. The predicted half lives show that hyper 202 2 ^Ra 
nuclei are unstable against 4 He emission and l4 C emission from 2,7 227 /M are 
favorable for measurement. Our study also show that hyper ” A Ra are stable 
against hyper A He and A C emission. The role of neutron shell closure (N= 126) 

in 2l lRn daughter and role of proton/ neutron shell closure (Z=82, N=126) in 
207 / J /; daughter are also revealed. The computed alpha and 14 C cluster half lives 
from normal Ra nuclei are compared with corresponding experimental data and 
are found to be in good agreement. As hyper nuclei decays to normal nuclei 
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Table 3: Computed Q value and logarithm of half lives for the decay of 14 C from hyper 
202 229 k Ra and non—strange 202 ' 229 Ra nuclei. T 1/2 is in second. 
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Figure 5: Plot connecting (a) Q value versus mass number and (b) log 10 (T 1/2 ) versus, 
mass number for the decay of hyper A C cluster from hyper “ A Ra nuclei. 
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by mesonic/non—mesonic decay and since most of the predicted half lives for 
l He and 14 C emission from normal Ra nuclei are favorable for measurement, 
we presume that alpha and 14 C cluster emission from hyper Ra nuclei can be 
detected in laboratory in a cascade (two-step) process. 
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